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PROCEEDINGS. 



27 January, 1870. 



The Twenty-third Anniversary Meeting of the Members was 
held in the Lecture Theatre of the Midland Institute, Birmingham, 
on Thursday, 27th January, 1870; John Ramsbottom, Esq., 
President, in the Chair. 

The Minutes of the last General Meeting were read and 
confirmed. 

The following Annual Report of the Council was then read : — 

AIOTUAL REPORT OF THE COUNCIL. 



1870. 



The Council have great pleasure, on this occasion of the Twenty- 
third Anniversary of the Institution, in congratulating the Members 
upon the present satisfactory position and the continued progress of 
the Institution. 

The Financial statement of the affairs of the Institution for the 
year ending 31st December 1869 shows a balance, after the payment 
of the accounts due to that date, of £5518 15s. 9c?., out of which the 
sum of £4500 is invested in London and North Western Railway 
4 per cent. Debenture Bonds. The Finance Committee have 
examined and checked the receipts and payments of the Institution 
for last year 1869, and report that the following Balance Sheet 
rendered by the Treasurer is correct. (See Balance Sheet ajfypended.) 

The Council report with pleasure the increase in the number of 
Members that has taken place during the year ; the total number of 

E 



Members of all claases for the year being 855, of whom 4 are 
Honorary Life Members, 36 are Associates, and 23 are Oradnates. 

^be following deceases of Members of the Institatioa have 
ocoarred during the past year 18S9 : — 

William J. W. Heatb India. 

Pbtek Keek, Paisley. 

David Law Glasgow. 

John 8. Pekrtnq, U&ucheater. 

Andkew Shanks Loodoii. 

GBOkQB U. Ubhbb BereHej'. 

Thomas Waddihoton, Leeds. 

The Council have the pleasure of ackaowledging the following 
Donations to the Library of the Institation daring the past year; 
and also of expressing their thanks to the Donors for the vajnable 
and aeceptable additions they have presented. The Conncil wish to 
ni^ on the attention of the Members the important advantage of 
obtaining a good collection of Engineering Books, Drawings, and 
Models or Specimens of interest in the Institntion, for the purpose of 
reference by the Members personally or by correspondence ; and they 
trust this desirable object will be promoted by the Members generally, 
so that by their united aid it may be efficiently accomplished. 
Members are requested to present copies of tlieir Works to the 
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Beport of the British Association for the Advancement of Science ; from the 

Association. 
Transactions of the North of England Institute of Mining Engineers ; from the 

Institute. 
Proceedings of the South Wales Institute of Engineers ; from the Institute. 
Transactions of the Institution of Engineers in Scotland ; from the Institution. 
Transactions of the Society of Engineers ; from the Society. 
Proceeding's of the Royal Institution of Great Britain ; from the Institution. 
Journal of the Hannover Architect and Engineer's Society ; from the Society. 
Journal of the Saxon Society of Engineers ; from the Society. 
Journal of the Norwegian Polytechnic Society ; from the Society. 
Report of the Smithsonian Institution for 1867 ; from the Institution. 
Journal of the Royal United Service Institution ; from the Institution. 
Professional Papers of the Corps of Royal Engineers ; from the Royal Engineer 

Establishment. 
Professional Papers on Indian Engineering; from the Royal Engineer 

Establishment. 
Lectures at the Royal Engineer Establishment ; from the Establishment. 
Proceedings of the Royal Artillery Institution ; from the Institution. 
Proceedings and Memoirs of the Literary and Philosophical Society of Manchester ; 

from the Society. 
Transactions of the Royal Scottish Society of Arts ; from the Society. 
Transactions of the Institution of Surveyors ; from the Institution. 
Beport of the Royal Cornwall Polytechnic Society ; from the Society. 
Reports of the Manchester Association for the Prevention of Steam Boiler 

Explosions ; from Mr. Lavington E. Fletcher. 
Beport of the Manchester Boiler Insurance Company; from Mr. Robert B. 

Longridge. 
Reports of the Midland Steam Boiler Association ; from Mr. Edward B. Marten. 
Becords of Steam Boiler Explosions, by Edward B. Marten ; from the author. 
Beport of the Commissioner of Agriculture and Arts in Ontario, Canada ; from 

the Department of Public Works. 
Journal of the Society of Arts ; from the Society. 
The Engineer ; from the Editor. 
Engineering ; from the Editor. 
The Mechanics' Magazine ; from the Editor. 
The Artizan Journal ; from the Editor. 
The Practical Mechanic's Journal ; from the Editor. 
The Mining Journal ; from the Editor. 
The Railway Record ; from the Editor. 
The Steam Shipping Journal ; from the Editor. 



The Council have great satisfaction in referring to the Dumber 
and charactfir of the Papers that hare been brought before the 
moetingB during the past year, and the practical value and interest 
of the communication 9 and the discuBsions that took place upon 
them, which form a valuable addition to the Proceedings of the 
Institution. The Canncil request the special attention of the Members 
to the importance of their aid and co-operation in carrTing out the 
objects of the Inatitution and maintaining its advanced position, by 
contributing papers on Engineering subjects that have come under 
their observation, and communicating the particnlare and results of 
executed works and practical experiments that may be serviceable 
and interesting to the Members; and they invite commnnuations 
upon the subjects in the list appended and other snligects advantageons 
to the Institution. 

The following Papers have been read at the Meetinga daring the 
past year : — 
Address of the PreBident. 
On the farther atilisaitian of the Waate Oaa from Blast Fumaaes, and the EoaDomj 

of Coke due to Incroaaed Capaoltj of Furnace ; by Mr. Charles Coohrans. 
Description of Gnibal's Teatilatiag Fan employed at the Homer Hill CoUiety, 

Cradley; by Mr. JomeB 8. E. Bnindell. 
Description of the Steam Boad Boiler used in Paris ; by M. Oellerat. 
Description of the Hydraulic Swing Bridge for the Korth Eastern Kailway over 
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The Council have particular pleasure in referring to the great 
success and interest of the Annual Meeting of 'the Institution that 
was held in Newcastle last summer, and in expressing their special 
thanks to the Council and Members of the Mining Institute, and the 
Secretary, Mr. Theo. "Wood Bunning, together with the authorities 
of the Literary and Philosophical Society, and the other local 
Members, for the very excellent airasgements and the handsome 
reception given to the Members on the occasion; and also their 
thanks to the railway authorities for the special arrangements granted 
for the excursions ; and to the proprietors of the works that were so 
liberally thrown open to the inspection of the Members, for the 
valuable opportunity afforded to the Members for seeing their works. 
The Council refer particularly to the great advantage afforded to the 
Members in the admirable opportunity provided them for visiting 
the large Engineering, Shipbuilding, and Chemical Works on the 
Tyne, the River and Pier Works in progress of execution, and the 
Lead Works, Iron Works, and Collieries in the neighbourhood, 
together with the new Hydraulic Swing Bridge on the North Eastern 
Railway; and they offer their special acknowledgments to the 
President, Sir William Armstrong, for the great pleasure afforded to 
the Members by their visit to his Works, and by his exceedingly 
kind and hospitable reception of them at his residence at Jesmond 
Dene. The Council look forward with confidence to the advantages 
arising from these Annual Meetings of the Institution in different 
locahties, from the facihties afforded by them for the personal 
communication of the Members in different districts, and from the 
opportunities of visiting the important Engineering Works that are 
so liberally thrpwn open to their inspection on those occasions. 

The President, Vice-Presidents, and five of the Members of the 
Council in rotation, go out of office this day, according to the rules 
of the Institution ; and the ballot will be taken at the present Meeting 
for the election of the Officers and Council for the ensuing year. 



SUBJECTS FOR PAPERS. v 

Fafeb-Makino LSD Faper-Cuttino Machines, now materials and results. 

Pjunting Machines, particulars of improvements, &c. — machines for printing 
from engraved surfaces — type composing and distributing machines. 

Water Pumps, facts relating to the best construction, means of working, and 
application — ^velocity of piston — construction, lift, and area of valves. 

AiB Pumps, facts relating to the best construction, means of working, and 
application — velocity of piston — construction, lift, and area of valves. 

Htdsaulic Presses, facts relating to the best construction, means of working, 
and application — economical limit of pressure. 

BoTART AND Centripuoal Pumps, ditto ditto ditto. 

FiRB Engines, hand and steam, ditto ditto ditto. 

Sluices and Sluice Cocks, worked by hand or hydraulic power, ditto. 

Cranes — steam, hydraulic, and pneumatic cranes — travelling cranes. 

Lifts for raising railway wagons— hoists for warehouses — safety apparatus. 

Toothed Wheels, best construction and form of teeth — results of working — 
strength of iron and wood teeth — moulding by machinery. 

DRiviNa Belts and Straps, best make and material, leather, gutta-percha, 
vulcanised india-rubber, rope, wire, chain, &c. — comparative durability, 
and results of working — power communicated by certain sizes — frictional 
gearing, construction and driving power obtained — friction clutches- 
shafting and couplings. 

Dtnamometers, construction, application, and results of working. 

Decimal Measurement — application of decimal system of measurement to 
mechanical engineering work, drawing and construction of machinery, 
manufactures, &c. — construction of measuring instruments, gauges, &c. 

Strength of Materials, facts relating to experiments, and general details of 
the proof of girders, &c.~ girders of cast and wrought iron, particulars 
of different constructions, and experiments on them—rolled girders — best 
forms and proportions of girders for different purposes — best mixture of 
metal — mixtures of wrought iron with cast. 

Durability op Timber of various kinds — best plans for seasoning and preserving 
timber and cordage — results of various processes — comparative durability 
of timber in different situations — experiments on actual strength of timber. 

Corrosion op Metals by salt and fresh water, and by the atmosphere, &c. — 
facts relating to corrosion, and best means of prevention^ means of keeping 
ships' bottoms clean — galvanic action, nature and preventives. 

Allots op Metals, facts relating to different alloys. 

Friction op Various Bodies, facts relating to friction under ordinary circum- 
stances — facts on increase of friction by reduction of surface in contact— 
firiction of iron, brass, copper, tin, wood, &c. — proportion of weight to 
rubbing surface — best forms of journals, and construction of axleboxes — 
wood bearings — water axleboxes — lubrication, best materials, means of 
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application, and reaolta of prsotical trials — best plans for oil teata — MotioB 

Ibob Soofs, partionlara of coostrnotion for diffsreiit pnrpoBes— durability in 
varioas olimatea and aitnatioDS— oomparatiya cost, weight, and durability — 
roofs for slips of cast-iron, wronglit-iroii, timber, Jto. — beat oonstrootion, 
form, and materials — details of large roote, and ooet. 

FiBE-FBOor Buildings, particulars of oonstruotion — most effioient plan — results 
of trials. 

Crdikgi Sticks of large size — particulars, form, mode of building, cheapest 
COnBtmotioD, Ac. — force of draught, and temperature of current. 

BaicKS, mannfactnre, duraLilitj, and strength — hallotr bricks, fire bricks, and 
fire clay— perforated bricks, Cost of manuEactnre, and advantagea — dij-ol^ 
bricks — macMnBH for brick-making — burning of brioka. 

Qas Woees, best form, size, and material for retorts — construction of retort 
oreus — qnantit; and quality of gas from different coals — oil gas, oheftpost 
mode of making — water gas, 4 o.— improvements in parifiers, condensers, 
and gasholders — wet and dry gas meters — self- regulating meters — pressure 
of gas, gas exhaasler — gas pipes, strength and durability, and constmotion 
of joints — proportionate diameter and lei^^ of gas mains, and veloci^ 
of the passage of gas — experiments on ditto, and on the friction of gas 
in mains, and loss of pressore — lighting railway trains with gas. 

Wateb Woees, facts relating to water works — applioation of power, and 
economy of working— proportionate diameter and length of pipes <U{)Uii- 
ments on the discharge of water &om pipes, and friotion thnmgh pipes — 
strength and durability of pipes and construction of joints — penetration 
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Ships, iron and wood — details of constniction— lines, tonnage, cost per ton — 
water ballast — steel masts and yards, and wire-rope rigging— comparative 
strength and advantage of iron and wood ships — arrangements for docking 
and repairing ships — steering gear— application of steam power to steering. 

Guns, oast-iron, wronght-iron, and steel — mannfactnre and proof— rifling — 
mannfactnre of shot and shells. 

Small Arms, machinery for manufacture of rifles and cartridges, &c. 

HiNiNO Operations, facts relating to mining — modes of working and proper^ 
tionate yield — coal-cntting machines — means of ventilating mines — use of 
ventilating machinery — safety lamps — lighting mines by gas — drainage of 
mines — sinking pits — ^mode of raising materials — safety guides — winding 
machinery — underground conveyance — stone-breaking machines — mode of 
breaking, pulverising, and sifting various descriptions of ores. 

Blastino, fsuots relating to blasting under water, and blasting generally — use of 
gun-cotton, ftc^flects produced by large and small charges of powder 
— arrangement of charges. 

Blast Furnaces, shape and size— consumption of fuel — yield and quality of 
metal — ^pressure of blast— economy of working — improvements in manu- 
&cture of iron — comparative results of hot and cold blast — increased 
temperature of blast — construction and working of hot-blast stoves — 
pyrometers— construction of tuyeres — means and results of application of 
waste gas from close-topped and open-topped furnaces — preparation of 
materials for furnace and mode of charging. 

Puddling Furnaces, best forms and construction — worked with coal, charcoal, 
&c. — application of machinery to puddling. 

Heatino Furnaces, best construction — consumption of fuel, and heat obtained. 

Cupolas, construction and proportions — improvements in means of blowing — 
results of working, and economy of fuel. 

Converting Furnaces, construction of furnaces — manufacture of steel — 
casehardening, &o. — converting materials employed. 

Smiths' Forges, best construction — size and material — power of blast — hot 
blast, &C.'— construction of tuyeres. 

Smiths' Fans and Fans generally, best construction, form of blades, &c.— facts 
relating to power employed and percentage of effect produced — pressure and 
quantity of air discharged — size and construction of air mains — mechanical 
ventilation and warming of public buildings. 

Coke and Charcoal, particulars of the best mode of making, and construction 
of ovens, &c. — open ooking, mixtures of coal slack and other materials — 
evaporative power of diflferent varieties — peat, manufacture of compressed 
peat. 

Bailwats, construction of permanent way — section of rails, and mode of 
manufacture — mode of testing rails — experiments on rails, deflection 
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detertoTstioD, and comparative dnrabilitj— material and form of staepers, 

■ize, and distances— imprOTementB in cbaire, te^B, and joint faateninga — 

permanent wsj for hot climatei. 
SwTTCBEs A^D CROSSINGS, porticolaTS of improrementi, and results of working. 
Ti:aKTABLEg, particulars of variooa comtmctions and improvements — engine 

tnrDtabtc«. 
SiONAU for stations and traina, and self-acting signals. 
Blectbic Telegiufhs, improvements in constractiou and iDsnlation — coating 

of wires — undergronnd and snbmarine cables — mods of lajing, and 

machinery employed. 
Bailwai CASBiAQEa Axn Wagons, details of constmction — proportion of dead 

weight. 
Bbeaes for carri^^ and wagons, best oonstmction — self-acting breaks — 



BcrrEKs for carriages, Ac., and station bnffers — different oonstruotionB and 
materialB. 

CouFLlNOS for carriages and wagons — safety conpling& 

graiNos for carriages, &o.— bnffing, beBring, and draw springs — rangs, and 
deflection per ton — particalajB of different oonstmotions and materials, and 
resnits of working. 

Bailwai Wheels, wronght-iron, cast-iron, and wood — particnlais of different 
constructions, and resnlts of working — comparative expense and dorabilitj 
— wronght-iron and steel tp^s, comparativo economy and results of working 
— mode of filing tyres — manufacture of weldloss tyres, and solid vrronght- 
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MEMOIRS 

DECEASED IN 1869. 

WiLiiAU J. W. Heath was bOm at Binningliam on 13th Angnat 
1835, and m 1850 was articled to Messrs. Fox and Henderson, 
London Wor^a, Birmingham, for five years, during which he 
assisted in the superintendence of the sinking of the pnetunatic 
cylinders for the Rochester Railway Bridge over the Medway, 
and also in the snperintendence of railway works in Sweden. 
From 185!' he was engaged as assistant engineer on the Ceylob 
Railway, till ita snspenaion in 1860; and in the two following 
years he was occupied with rwlway works at LiBbon. In 
1863, the Ceylon Railway being resmned, he was appointed by the 
government on the engineering staff for its completion, which was 
effected in 1867. In 1868 he wae appointed one of the government 
staff of engineers for the irrigation works in India ; and in laying 
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1836 be was appointed engineer of tbe Cairo and Snes Baflwa^, 
and on the abandonment of that nndertaking he had charge of a 
short railway near Alexandria and another above Cairo, and the 
eereral engineering works of the Pasha of Egypt; he waa 
appointed a member of the board of pnblic works, and advised as 
to the embankment of tbe river Xi]e, and advocated the establishment 
of stations between Cairo and Suez to facihtate the ov^and transit 
to India. Hi a chief work in Egypt was the exploratitm of the 
Pyramids, undertaken in conjnnction with Colonel Howard Tyse, 
the results of which are published in a work called " The Fjramida 
of Egypt," giving the anthentic detaib and measnrements of those 
monuments. After travelling in Upper Egypt, Nnbia, and other 
parts of the country, he lefl Egypt in 1810 and returned to 
England. In l&U he became engineering Buperintendeut of the 
Llanelly Railway, Docks, and Karbonr; and in 1844 went to 
Manchester, where he was engaged upon the Manchester Bury 
and Bossendale KaUway. On the amalgamation of this railway 
with other lines, forming the East I^ncashire Bailway, he became 
the resident engineer of the latter, and continned so nntil its 
amalgamation with the lAncashire and Torkshire Railway. Ha 
was managing director of the Railway Steel and Plant Works; 
and at the time of his death, which occurred on 26th January 1869, 
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the mannfacinre of steam engines and boilers at the engineering 
works established there by his father. He afterwards removed to 
liyerpool, and was engaged in the mannfaetnre of metallic pistons 
which were then coming into general use for steam engines. In 
1834 he entered the tool works of Messrs. Whitworth in Manchester ; 
and in 1839 established himself in London in the same class of 
business, in which he continued till the time of his death. He 
acquired a very extensive practical knowledge in mechanical 
engineering, and a considerable part of his designs and improvements 
in machinery were carried out under his instructions at the works 
at Johnstone, where machines of large size for engineering purposes 
were constructed. His death took place on 11th February 1869 in 
the sixty-fourth year of his age, at Hastings, where he had removed 
after a serious accident that he had met with at Lincoln in the 
previous December. He became a Member of the Listitution 
in 1850. 

Geobge Moon Usher was bom at Hotham, Yorkshire, in 1828, 
and in 1845 entered the office of the Beverley Iron and Wagon Works, 
where he gradually rose to the position of secretary to the company ; 
in this post he was highly respected and valued, and continued to 
hold it until his death, which took place on 29th April 1869, at 
the age of forty. He became a Member of the Institution in 1865. 

Thomas Waddington was bom on 11th December 1825 at 
Bradford, Yorkshire, where his father was for many years an 
engineer and millwright at the Union Foundry, and one of the 
makers of wheels and axles for the first rolling stock used on the 
Liverpool and Manchester Railway. After assisting his father for 
some years, he and his brother commenced the manufacture of all 
kinds of railway plant at the New Dock Works, Leeds, under the 
firm of Messrs. Bray, Waddington and Co. He died after a brief 
illness on 6th January 1869 at the age of forty-three. He became 
a Member of the Institution in 1856. 
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The pBEaiDENT congratulftted the Members upon the aubstuitial 
and gratiiying prepress made by the Inatitntion, as shown by the 
B«port of the Council that had jnat been read; and he had great 
pleasure in moving that the Bieport be received and adopted, which 
ma paaeed. 

The Pbesident announced that the Ballot Lists had been dnly 
opened, and the following Officers and Members of Council were 
fotmd to be elected for the ensuing year : — 

FEESIDBNT. 

John Rimsbottom, Crewe. 

VICE- FEB SI DENTS, 

Fbedekick J. Bbauwell, . London. 

Thouas Hawkslet, .... London. 

Sampson Llotd, Wedneabury. 

William Mbkelacs, .... Merthyr Tydvil. 

John Robinson, Manchester, 

C. William Siemens, .... London. 

COUNCIL. 

Charles Edwards Amos, . . . London. 
John Andebsok, Woolwich. 
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COUNCIL. 

Members of Council remaining in office. 
Edward A. Cowper, .... London. 

John Fernie, Leeds. 

Sir Charles Fox, London. 

Walter May, Birmingliam. 

W. MoNTGOMERiE Neilson, . Glasgow. 

Charles P. Stewart, Manchester. 

Percy G. B. Westmacott, . Newcastle-on-Tyne. 

treasurer. 
Henry Edmunds, Birmingliam. 

SECRETARY. 

William P. Marshall, . Birmingham. 

ASSISTANT SECRETARY. 

Alfred Bache, Birmingham. 

The following New Members were also elected : — 

MEMBERS. 

Thomas Barber, Jun., .... Nottingham. 

Arthur Barclay, Eeigate. 

James Wilkie Dunlop, . London. 
Henry Tanner Ferguson, Redruth. 

Arthur Samuel Hamand, . . Birmingham. 
Petronius Hodges, .... Penistone. 

William Henry Hunstone, . Manchester. 

John P. Jackson, Clay Cross. 

John Lennox Kincaid Jamieson, . Glasgow. 
Edward James Leonard, . . London. 

Charles Henry Moberley, . London. 
James Murdoch Napier, . London. 

William Wilkinson Platt, . Manchester. 

Alfred Walker, York. 

Charles Willman, Middlesbrough. 
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The adjoamed discussion was then TCSDmed npon the pftper read 
at the previona meeting of the Insdtntion in Norranber 1869, "On 
Le Chatelier's plan of nsing Connter-presBore Steam aB a Break in 
Locomotive Engines," by Mr. C. William Siemens^ of London. 
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with the connter-pressiire steam. He found howerer that the 
reversing of the engine had at first been done before turning on 
the water jet in the exhanst-pipe, and the engine must consequently 
have been pumping air into the boiler, which would account for the 
injectors ceasing to work. Instructions had therefore been given for 
turning on the water jet first, before reversing ; but notwithstanding 
this it appeared there was still some difficulty in keeping the injectors 
at work, unless the water was supplied considerably in excess in the 
counter-pressure jet. He could only suppose that there must still be 
some portion of air taken into the cylinders in the reversed working ; 
and until this difficulty was got over by further practice in the 
counter-pressure working, it might be advisable to employ a separate 
steam jet in addition to the water jet, in order completely to prevent 
any access of air into the interior of the blast-pipe and thence into 
the boiler. • 

The working out of the counter-pressure plan in practice could 
hardly be expected not to be attended with some difficulty at first ; 
and one source of trouble that occurred to him as likely to be met 
with was from the very dirty nature of the water in the boilers of 
locomotive engines. However pure the water supplied to the boiler 
might be, the concentration which it underwent in the boiler was so 
rapid, that any water not absolutely pure to begin with became soon 
charged to saturation with calcareous salts, the presence of which he 
considered would be liable to produce injury to the rubbing sur&ceg 
of the cylinders and pistons. But whether the extent of injury 
thus occasioned would be material in comparison with the loss 
at present sustained in the wear and tear of raQs and tyres, was a 
matter that could be determined only by experience. From what he 
had seen and heard of the counter-pressure steam break, he was 
disposed to place a higher value upon it than to limit its capabilities 
to the working of inclines of only 1 in 80; and he believed ib 
would be found of material assistance in taking trains down very 
heavy gradients. On the Tredegar and Abergavenny line in South 
Wales there was a descent of 1000 feet within a distance of only 
8| miles, giving a mean gradient of 1 in 45, and the difficulty 
of taking the trains down that part of the line was found to be 
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■ ^wHere the compression curve would be expected. On examining a 
:foll-sized model of the link motion of the engine he had fonnd that in 
tlie reversed working the exhaust port was open to the atmosphere 
for 13 per cent, of the stroke, and the steam port was opened to the 
boiler at 37 per cent, of the stroke, when in fall backward gear ; the 
contents of 87 per cent, of the stroke were therefore compressed into 
63 per cent, before the communication to the boiler was opened, and 
he should have expected a corresponding rise of pressure to be shown 
in the indicator diagrams at that part of the stroke. 

Mr. Siemens observed that in compressing pure steam, the 
curve of compression would rise more rapidly than the theoretical 
curve which merely represented the increase of pressure as 
inversely proportionate to the volume, because the steam woxdd 
become superheated in the compression and the heat then developed 
ipvould cause its pressure to be further raised. But the case was 
different in dealing with a fog or vapour containing a quantity of 
finely divided water not in the state of steam, such as was 
enclosed iu the cylinder on the shutting of the exhaust-port in the 
counter-pressure working ; nearly 9-lOths by weight of the vapour 
was at that time in the form of water, which would act as so 
much condensing water in the compression, reabsorbing the heat 
produced by the compression, and thereby keeping the pressure 
down to very nearly the same point for a certain distance of the 
stroke before the boiler steam was admitted. This circumstance he 
bad no doubt was the cause of the apparent irregularity shown in 
tlie compression part of the stroke in the indicator diagrams 
exhibited. 

Mr. W. M. MooRSOM enquired whether any observations had been 
made in France as to the working of the injectors during the 
time that the water jet was turned on in the counter-pressure 
running. 

Mr. Siemens replied that the early experience in France had 
been the same upon that point as in the experiments now made in 
this country, the injectors being found at first to cease working 
when running reversed; but this difficulty had been entirely got 
over by taking care to turn on the water jet in the exhaust-pipe 

M 
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before rerersmg the engine, and that was a precaution which waa 
Bpecially reconunendod by M. Le Chateher, for preventing any 
chance of air getting drawn down the exhaost-pipe iuto the 
cjlindera. 

Mr. B, Brows mentioned that at a former meeting of the 
Institution a simple plan had been described hj Mr. Allf^n ^ 
having also the object in view of emplojing the engine as a break 
for retarding the train, (see Proceedings Inst, M. E. 1859 page 230). 
In that case a throttle- valve placed in the ezhanst-pipe vras closed 
for preventing the escape of the steam from the cylinders, thereby 
producing a heavy back pressure to resist the movement of the 
pistons. By that means a train of 200 tons had been taken down 
an incline of 1 in 80, and the speed of 30 miles an honr at starting 
reduced to 15 miles an hour down the whole incline ; and the 
particnlars had been giveu of a number of trials, showing the vejy 
satisfactory working of the plan. 

The President said he remembered the description being given 
of the plan referred to, which however was altt^ther distinct &om 
the present counter-pressnre working, as the engine was not 
necessarily reversed in that caise ; nor was any su^estion made of 
introdacing the jet of steam or water into the exhaust-pipe for 
lubricating the rubbing surfaces while m ining as described, which 



59 

A paper was then read " On tlie Further Economy of Fuel in 
Blast Furnaces, derivable from the High Temperatui*e of Blast 
obtained with Cowper's improved Regenerative Stoves at Ormesby, 
and from Increased Capacity of Furnace, .&c.," by Mr. Charles 
Cochrane, of Dudley ; and the discussion waa adjonnied to the next 
meeting. (See Proceedings April 1870). 



The Meeting then terminated ; and in the evening a number of 
the members dined together in celebration of the Twenty- third 
Anniversary of the Institution. 



PROCEEDINGS. 



28 April, 1870. 



. The General Meeting of the Members was held in the Lecture 
Theatre of the Midland Institute, Birmingham, on Thursday, 
28th April, 1870 ; John Ramsbottom, Esq., President, in the Chair. 

The Minutes of the last Meeting were read and confirmed. 

The President announced that the Ballot Lists had been duly 
opened, and the following New Members had been found to be 

elected : — 

members. 

Hubert Bewlay, .... Birmingham. 

James Brunlees, .... London. 

James Henry Greaves, . . . Swansea. 

James Eglinton Anderson Gwynne, London. 

John Gwynne, London. 

Joseph Edward Hannah, . . Darlington. 

Charles Hawksley, .... London. 

John Higson, .... Manchester. 

Samuel Osborn, .... Sheffield. 

Edward James Reed, C.B., . . London. 

Thomas Stubbs, .... Crewe. 

GRADUATE. 

Thomas Henry Pearson, . . Warrington.' 



The adjourned discussion was then resumed upon the paper read 
at the previous meeting of the Institution in January, " On the 
Further Economy of Fuel in Blast Furnaces, derivable from the 
High Temperature of Blast obtained with Cowper's improved 
Regenerative Stoves at Ormesby, and from Licreased Capacity of 
!Famace, &c.," by Mr, Charles Cochrane, of Dudley. 

N 
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of the introductioii of his regenerative hot-blast stoves, the 
temperature of blast obtained with the old cast-iron stoves was 
about 800°, and this had been raised at once to 1150°, by the 
regenerative stoves, with a saving in the blast furnace of about 
6 cwts. of coke per ton of iron. Some of the best cast-iron stoves 
could now heat the blast to 1000°, while the regenerative stoves 
at the present time were working regularly at 1420° ; and the 
average temperature recently obtained throughout a week's working 
of these stoves at the Ormesby Iron Works had been close upon 
1600®. The saving of coke in the blast fdmace with the 
1420° temperature of blast was equal to 4 cwts. per ton of iron as 
coiiipared with the blast at 1000° from the cast-iron stoves. He 
had no doubt that the average temperature of 1420° already 
maintained at Ormesby would become general, and thought there 
was every reason to expect the blast might be further raised with, 
advantage. 

The Peesident moved a vote of thanks to Mr. Cochrane for his 
paper, which was passed; and the continuation of the discussion 
was adjourned to the next meeting. 



(Discussion at the Meeting on 2Sth April, 1870.) 

Mr. Cochrane observed that in the discussion at the previous 
meeting it had been questioned whether by the use of the regenerative 
stoves any greater control was obtained over the heat of the blast 
than with cast-iron stoves, on account of the blast furnaces being 
always burdened to their utmost limit. With cast-iron stoves 
supplying blast to a furnace that was burdened to the maximum, it 
was certainly impossible to raise the temperature of the blast even to 
the extent of a few degrees only, when this might be desired for the 
purpose of counteracting any irregularities in the working of the 
^^Z^^ '.I, "" *^^ regenerative stoves it was always possible to 
mcrease he supply of gas, if desired, to a considerable extent beyond 

regular consumption, and thus to heat the regenerators to a 
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A steam roller on a diflferent principle was subsequently 
constructed in France, which has now been extensively used for 
several years in Paris, and has thoroughly proved on a large scale 
the great practical value and economy of steam rolling in the 
piaking and maintenance of roads. This machine, which was 
described at a former meeting of the Institution (see Proceedings 
Inst. M. B. 1869 page 101), is carried wholly upon two long rollers, 
each one extending the full width of the machine, and both driven 
by the engine ; and the steering is effected by sliding the axles at 
one end so as to throw them out of parallel when traversing 
curves. 

The three-roller principle has been successfully carried out by 
Messrs. Aveling and Porter, in combination with their steam 
traction engine, with which the successful experience of many years' 
working had been previously obtained ; and a number of steam 
road rollers of this make are now in use both in this country and 
abroad, having been at work from 1 to 2| years. 

This machine is shown in Figs. 1 to 5, Plates 18 to 21. The 
two side rollers A A are driven by the engine and connected to the 
same axle B, and the centre roller C is made in two portions, 
turning separately upon their axle for facility in steering, and 
carried in a turntable frame D for steering. Each portion of the 
centre roller is the same width as one of the side rollers, and the 
centre roller overlaps the side ones to a small extent. The total 
weight of the machine is distributed equally upon the two axles, so 
as to equalise the action of the rollers in working. 

A single steam cylinder B is employed for driving, as in the 
traction engines, for the sake of simplicity and economy of 
construction; and with the use of intermediate gearing reducing 
the speed considerably, and a flywheel F upon the crank shaft for 
turning the engine by hand over the dead points when requisite at 
starting, the single cylinder has been found sufficient both in the 
road rollers and the traction engines. It is fixed on the front end 
of the boiler, surrounded by a steam jacket in direct communication 
with the boiler, as shown in Fig. 5, and having a dome on the top 
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bearing springs, and he did not think there conld be any qoestion 
as to the great advantages attending the appUcation of steam power 
to the rolling of roads. The same principle might also he 
thought be extended with advantage to the lighter rollers osed for 
agricultural purposes, enabling &rming operati<ms to be performed 
more rapidly and efficiently; and he did not see why steam 
power should not be used for many purposes where horses were 



He moved that the discnssion shonld be adjonrned to the next 
meeting; and proposed a vote of thanks to Mr. Batho and 
Mr. Aveling for the paper, which was passed. 



The Meeting then termini 



William Radcliffe, . . . Sheffield. 

Jaues Vincent Bussell Swabn, . Moscow. 
Geobqe Bekjamin WBiaHT, . WaleaU. 

ASSOCUTE. 

Edwin Akthttk WwaHT, . . Wolverhampton. 

GRASCATB. 

Michael Holbotd Suith, . . Halifax. 



The following paper was then read :- 
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The Chairman proposed a vote of thanks to Mr. Paget, wbicli 
was passed, for bis paper, and for the excellent opportunity afforded 
for seeing the working of the machines exhibited to the meeting. 



The following paper was then read: — 
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exerted ; the depth of shaft and the area representing the load are 
reduced to the same dimensions in each diagram, for the purpose of 
comparison of the engine power. The corresponding sets of indicator 
diagrams are given in Figs. 19 to 24, Plates 48 to 50. 

The mode of working the engines in each case is as follows. In 
engine No. 1, shown in Figs. 12 and 13, the engineman works 
with the throttle- valve open, " hands " the engine by the 
handle H until fairly in motion, and then places the handle 
in a notch on one of the eccentric rods until the run is nearly 
completed, when he detaches the valve-motion, meets the piston with 
steam on the opposite side, as shown at A in the diagram Fig. 16, 
and so brings the engine to a stand. The starting, running, and 
stopping occupy 30 seconds. The foot break is rarely used. 

In engine No. 2, shown in Fig. 14, the engineman also works 
with an open throttle- valve, and regulates the engine with the link 
motion. In starting the engine he puts the link-block at its extreme 
travel, moves it backward as the speed increases, and in the last five 
strokes reverses it so that the pistons pump steam back into the 
boiler, as shown at B in Fig. 17. The steam break is used in case 
of need. 

In engine No. 3, shown in Fig. 15, the steam and exhaust valves 
are all driven through a link motion ; the throttle- valve is a double- 
beat valve actuated by a worm. The engine is worked in fuU 
gear, steam being given at starting through the open throttle- valve : 
when the run is nearly completed the throttle- valve is nearly closed 
and a partial vacuum is consequently formed on the steam side of the 
piston, the engine still being in forward gear. The principal agent 
in bringing the machinery to rest in this case is the vacuum behind 
the piston, as shown at C in Fig. 18 ; and this explains the different 
character of the line of steam power in Fig. 18 as compared with 
the two other diagrams. 

Direct economy of fuel consumption is not in itself a point of 
much importance in colliery engines, the supply of fuel being 
abundant and on the spot : it is rather a question of boiler room, 
and wear and tear of boilers. It is a matter of much importance 

z 
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however to hove the mtwhiuery bo constrnoted that the engines roay 
develop a maxinmm of useful effect, and that they may do this with 
the least amonnt of strain upon the working parts. The most 
important point is the effect exercised by the weight of the 
machinery that is put into rapid motion and stopped in such short 
intervals of time. In the case of the engines Kos. 1, 2, and 3, the 
loads are drawn from the depths of 222, 406, and 413 yards in 
30, 45, and 45 seconds of time respectively. The^mean speed of the 
cages is therefore about 22, 2?, and 2? feet per second ; but as about 
one half of the revolutions are either accelerating or diminishing in 
velocity, the maximum speed of the cages is probably 27, 36, and 
S6 feet per second. The weights in motion in the three oaaes may 
be estimated at 2? tons in No. 1 engine, 60 tons in No. 2, and 30 tons 
in No. 3, these amounts being made up as follows : — 

Ko. 1 en^a«. No. 2 eugine. No- 3 ongloe. 
Tons. TooB. Tons, 

Flywheel and Drama 16 45 12 

Bopea 4 4i 7 

Cages, tuba, and coal 6 4 8 

Pulleya 2 Gi 8 

Total weight in motion, tons . . 27 60 80 

These different parts travel, some at a higher, some at a lower speed 
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the mass in motion 60 tons ; the result is therefore 2,721,600 foot- 
ponnds exerted in 66 per cent, of f minute, giving 166 effective horse 
power. In engine No. 3, the maximnm velocity being also 36 feet per 
second, but the mass in motion 30 tons, there are 1,360,800 foot- 
pounds expended in 79 per cent, of ^ minute, equal to 70 effective horse 
power. The power thus stored up in the moving parts is in the case 
of No. 2 engine expended during the last five strokes in forcing steam 
back into the boiler ; in engine No. 3 it is taken up in moving tho 
engine without steam and with a partial vacuum behind the pistons; 
and in No. 1 engine it is neutralised by the full boiler pressure opposing 
the motion of the pistons. Thus in all these cases the engine is 
employed usefully in raising the load during only about two thirds 
. of its working time, and during the remaining one third it is exerting 
a retarding action ; this is more especially the case with No. 2 engine 
having the conical drum, owing to the great weight of the drum 
that has tp be stopped. 

It is obvious that if the machinery were so designed that the 
work of the engine was constant duidng the whole of its journey, a 
smaller and therefore less expensive engine would be capable of 
performing the same amount of useful work, and would be free from 
the extra strain which is unavoidable when the engine is reversed under 
steam. It is therefore a question of some importance to determine 
the design of a machine which would accomplish this end. With a 
conical drum a perfect equilibrium of load can be obtained in every 
position of the cages ; but it is seen from the diagrams of No. 2 
ei^ine, Figs. 17, 21, and 22, Plates 47 and 49, that the conical drum 
brings with it the disadvantage of a great increase in the weight of 
the moving parts. Much may indeed be done by so designing the 
machinery that a maximum of strength may be obtained with a 
minimum of weight ; but the improvement must extend further in the 
direction of reducing the load on the engine at the commencement of 
the run and expending the momentum usefully at its termination in 
^"^fling the load. The following may be suggested as one method of 

^plishing this end. Suppose the full lines in Fig. 8, Plate 43, 
represent the contour of a conical drum in which there is perfect 
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statical equilibrium between the ascending and descending loads 
thronghout the entire run ; and let it be assumed that by an 
economical method of constmctiou the whole moving mass is kept 
within 40 tons moving at the maximum speed of 36 feet per 
second in the shafts. The point to be arrived at is so to modify 
the contour line of the drum, that in the fii^t strokes of the en^ne 
its greatest available power shall be exerted in bringing the machineiy 
into motion, that in the middle strokes it shall just lift the load and 
overcome the friction, and that in the last strokes the leverage of the 
load shall be bo mnch increased that the momentum of the moving parts 
shall be usefully expended in assisting the engine to complete the lift. 
This end would be approximately obtained with, a dmm in which the 
contour lines received the modification indicated by the dotted lines 
in Fig. 8, simply increaaing the steepness of the cone. With this 
drum the weight of the empty cage acting on the lai^e radins at the 
commencement of the ran would be in excess of the fall cage and 
rope acting on the small radius, and the surplus or excess of balance 
over the load would assist the engine in getting up the momentum 
of the moving parts ; whilst at the termination of the rnn, the 
circumstances being exactly reversed, there would with the proper 
angle of cone be an equal amonnt of load unbalanced to absorb usefully 
the momentum of the moving parts. By this means not only would 



MIDLAND COLLIERY WORKING. 161 

to prevent them from retarding the air cnrrent in the shafts ; and 
for this purpose each platform of the cage holds only one tnb of 
coals, and is equal in area to l-5th of the shaft. There are however 
four of these platforms or decks in each cage ; and to save part of 
the time occupied in moving the cages for loading and emptying 
them, there are two levels for loading and discharge, both at top and 
bottom of the shaft, so that all the decks can be loaded and emptied 
with only one change in the position of the cages. The whole time 
occupied in loading and emptying is thus not more than 20 seconds 
in each journey, and the engine can raise from 180 to 200 wagons 
of coal per hour, each wagon containing from 9 to 15 cwts. of coal. 



Mr. Fowler mentioned that the winding gear shown in 
Figs. 10, 11, and 15, and the winding engine No. 3, from which the 
diagrams Figs. 18, 23, and 24 were taken, would be seen in action 
by the members visiting Hucknall Colliery that afternoon. 

The Chairman observed that in the diagrams representing the 
work of the engines (Figs. 16, 17, and 18), the power exerted appeared 
to be in excess of the load through fully two-thirds of the run, 
which would cause the speed of the engine to be continuously 
accelerated up to that point; and as the area representing the 
retarding power of the engine throughout the remainder of the 
stroke was seen in Figs. 16 and 17 to be so nearly equal to the 
previous accelerating power, it would appear that there must be 
very little friction in the shafts in those cases. In the third case 
however. Fig. 18, the area of the retarding power was so much 
smaller than that of the accelerating power, that the friction would 
seem to be considerably greater than with the two other engines ; 
and he enquired whether the reason of this difference had been 
ascertained. 

Mr. Fowler said he had not been able at present to account for 
the difference pointed out in the positive and negative areas of the 
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diagram, Fig. 18 ; but he had uo hesitation in attesting the general 
accuracy of these power diagrams, as they had been conatmcted 
from a Berios of indicator diagrams taken with a Richards indicator, 
from -which those shown in Figs. 19 to 24 had been selected. In 
the case of No. 3 engine, tho indicator diagrams shown in Fig. 23 
were obtained in the first, eleventh, and sixteenth resolutions of the 
engine, daring the period of acceleration ; and the diagrams shown 
in Fig. 24, taken in the nineteenth and twenty-first revolntions, 
when the throttle-valve had been almost closed, showed a partial 
vacanm behind the pistons, amounting in the twenty-first revolution 
to 6 lbs. or 7 lbs. below the atmosphere. The indicator diagrams 
from No. 1 engine, shown in Fig. 19, were taken in the first, seventh, 
and twelfth revelations, during which the accelerating power was 
continued ; and the two lines taken in the thirteenth and fourteenth 
revolutions. Pig. 20, showed the retarding efiectwhen the engineman 
had disconnected the yalve-gear and worked the valves by hand, so 
as to make the full pressure of steam meet the piston in each stroke. 
In the case of No. 2 engine, the indicator diagrams were taken in 
the first, fourth, and ninth revolutions, as shown in Fig. 21, before 
the engme was reversed; and after reversing, the lines in Fig. 22 
were taken in the eleventh and thirteenth revolutions, the pistons 
then pumping steam back into the boiler. 
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Railway, in the counter-pressnre experiments of which the particulars 
had been given at the meeting of the Institution in January last (see 
Proceedings Inst. M. E. 1870 page 44). In those experiments the 
counter-pressure in the cylinders had amounted to as much as 
150 lbs. while the boiler pressure was only 120 lbs., and the excess he 
considered to be due to the momentum of the steam in the steam 
pipe rushing into the empty space of the cylinder, and acting 
therefore as a steam ram in a manner somewhat analogous to a 
hydraulic ram. The expenditure of power by this winding engine, 
amounting to 166 horse power, was probably not so wasteful as it 
appeared in the paper to be considered, because in the counter- 
pressure working a large proportion of this power would be restored 
in the shape of increased steam pressure in the boiler, where it 
would thus be stored up ready to be utihsed in the next run. In 
the case of small locomotive boilers in France he understood the 
rise of pressure in the boiler while running with the counter- 
pressure stea,m had been distinctly noticed. 

Mr. W. Bough enquired what arrangement had been made in 
No. 2 winding engine for ensuring that it should pump back steam 
instead of air into the boiler in the reversed working. If it were 
simply an instance of ordinary reversing and pumping air into the 
boiler, it was true that the resistance occasioned by the compression 
of the air would be effectual in destroying the momentum of the 
moving machinery ; but he doubted whether the air so pumped into 
the boiler would occasion any such increase of boiler pressure as 
had been alluded to, because the much lower temperature of the air 
would produce a reduction in temperature of the steam and a 
consequent partial condensation ; and unless the boiler contained a 
large proportion of steam space, he did not think much power could 
be stored up in it by pumping air into it in the reversed working, 
because it was found in locomotives, that whenever air was pumped 
into the boiler in running reversed, the limit of pressure was soon 
arrived at and the safety valves began to blow off, and the air 
speedily made its escape there, unless the boiler was very capacious. 
The excess of pressure in the cylinders above the boiler pressure, as 
shown by the indicator diagram of the reversed working, would be 
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accoimted for, he sn^ested, if the throttle-valve were at that time 
partly closed, which wonid interfere with the free passage from the 
cylinders back to the boiler and canse an increased pressure against 
the pistons. 

Mr. FowLEK explained that in the case of No, 2 winding engine 
the exhanst-pipe was of very lat^ capacity, being 40 yards long 
and 10 inches inside diameter, and retaining therefore a large 
Tolnme of steam at atmospheric pressnre ; and as the pnmping back 
into the boiler in the reversed working was from the exhanst-pipe, 
the pistons drew in steam alone from it at first, and bni little air 
got drawn into the cylinders dtiriBg the fonr or five revolutions of 
the reversed working. 

Mr. A. Faoet concurred in the view which had been expressed, 
that if it were air which was pumped into the boiler in the reversed 
working, no advantt^e would be gained, because he considered the 
increase of pressnre due to the volume of air pumped in would be 
far connterbalanced by the cooling effect of the air so supplied into 
• the boiler. 

Mr. FowLEK said that the object of the diagrams representing the 
power exerted by the winding ei^ines had not so much been to show 
that the portion representing the retardation was an actual loss of 
engine power, as in Figs. 16 and 17 ; but to caJl attention to the fact 
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The Adjounied Meeting of the Members was held in the Great 
Hall of the Mechanics' Institution; Nottingham, on Wednesday, 
3rd August, 1870 ; Thomas Hawkslet, Esq., Vice-President, in the 
Chair. 



The adjourned discussion was resumed upon the paper read at the 
previous meeting in April, " On a Steam Eoad Roller, " by 
Mr. W. F. Batho of Birmingham .and Mr. T. Aveling of Rochester. 
(See Proceedings Inst. M. E. April 1870 page 109.) 
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The instance of a truck loaded with pig iron passing noiselessly over 
a paved street in consequence of being provided with springs, as had 
been mentioned in the discussion at the previous meeting, did not 
appear to him to present an analogy applicable to the road roller, 
because the load carried upon the springs of the truck was in that 
case the chief part of the entire weight ; whereas in the steam roller 
the greatest portion of the weight would necessarily be below the 
bearing springs. 

The adoption of two steam cylinders for the roller was a step 
which his own experience with single-cylinder engines had led him 
to consider unnecessary, and with the single cylinder and link motion 
he had found there was practically no danger of the engine stopping 
on the ceiitres. He had indeed purposely tried to stop it on the 
centre, but had never succeeded in doing so,* the chief reason being 
that the motion was geared down to so great an extent, the crank 
shaft making 16 turns for one turn of the driving rollers ; there was 
also a considerable amount of slack in the driving chain, which 
allowed the crank shaft to get a fair start in either direction before 
the pxdl came upon it. With a single steam cylinder, even up to 
12 inches diameter, he considered the addition of a bedplate to carry 
it was unnecessary, the boiler itself forming a sufficient bedplate for the 
purpose. The plan of having a separate axle for each of the two 
driving rollers appeared to him undesirable on account of diminishing 
the simpHcity of the machine and adding to its cost, which would 
stand in the way of its adoption by the road authorities ; and where 
the machines had to be worked under the care of inferior engine- 
drivers and away from any repairing shops, it was indispensable for 
success that their construction should be as simple as possible, so 
that it might be impracticable for the machine to be put out of 
repair through carelessness. The increased width of road that 
coxdd be rolled in each course by the machine, which had 
been referred to as an advantage that was obtained by the 
use of the two separate driving axles, was not greater than had 
previously been arrived at with a single driving axle ; the steam 
roller at Liverpool, which was the second that he had made, was 
9 feet wide over the rollers and weighed 30 tons, and continued 
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The GauGiUH mored a vote of thainkB to Mr. ATfiling, whioh 
WOB passed, for the osefnl information that he had given reapectang 
the oonBtrnction and working of the steam road lallerB. 



The following paper wae then read: — 
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ON THE 

CONCLUSIONS DERIVED FROM THE EXPERIENCE 

OF RECENT STEAM BOILER EXPLOSIONS. 



By Me. EDWARD B. MARTEN, op Stoubbbidge. 



The records of Steam Boiler Explosions in recent years are very 
numerous, as the increased attention drawn to the subject in this 
and other countries has placed far more information at disposal; 
and the experience of the last four years, since a former paper was 
read by the writer on the subject of boiler explosions, has confirmed 
the opinion then expressed, that all boilers, however good in original 
construction, are liable in the course of time to get into bad order 
and explode. The particulars of the explosions during this period 
are given in the Tables appended to the present paper, which show 
the number of explosions due to each cause in each class of boiler, 
distinguishing those of the United Kingdom from those in foreign 
countries. An analysis is also given of the explosions in the last 
four years, showing the causes of explosion of each form of boiler ; 
and also a summary of the causes of explosion under the three 
general heads of — (1) faults in construction or repair: (2) faults in 
working which creep on insidiously and unnoticed,: (3) faults which 
might be seen and guarded against by careful attendants. Nearly 
all of the faults in these three classes would have been detected by 
periodical examination. 

In the case of Cornish, Lancashire, and other boilers with 
internal flues, the faults of construction which have caused explosions 
have been weakness in the tubes, combustion chambers, ends, domes, 
or manholes ; and explosions in these, as in other classes of boilers, 
have also resulted from external or internal corrosion, shortness of 
water, undue pressure of steam, and scale or mud on the boiler 
plates. 

c2 
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In plain cylindrical boilers, and others without internal flues, 
eiplosionB have resulted from the boiler ends being made flat, and 
also from frequent repairs producing seam rips, especially in boilers 
having the plates arranged lengthways instead of in rings. 

In marine boilers, weak Sues and weak ends have also led to 
explosion, in addition to the other causes mentioned above. 

Locomotive boilers have in two cases exploded in consequence of 
the strains thrown upon them by their being nsed as a frame for 
the engine. 

Other explosions have resulted from want of stays, and from too 
much heat impinging on some particular part ; and in domestic 
boilers from freezing of pipes under pressure. 

Altogether the total number of explosions in this country that 
have been recorded during the past four years has amounted to 219, 
which may be classed under the following heads : — 

Faults of conatcQction or repair 95 

Faults to be detected only by periodical examination 62 

Faults which should be prevented by careful attendants .... 64 
Extraneous or uncertain causes , . ■ 8 

Total 319 
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The causes of these 219 explosions may also be classed as 

follows : — 

Worn out, corroded, or burnt plates 89 

Undue pressure, overloaded valves, Intentional or from carelessness 26 

Bad construction, defective fittings or stays, or want of repair . 69 

Shortness of water, formation of scale or mud, or external flues set 
too high 28 

Extraneous or uncertain causes 8 

Total 219 

Sketches of the most instructive examples of boiler explosions 
during the last four years are shown in the accompanying diagrams, 
Plates 52 to 61, which are sufficient to explain themselves, with a 
brief reference to their special features. 

Although the importance of periodical examination as the best 
safeguard against explosion is generally admitted, a great number of 
those who make or use boilers have not* at present sufficient belief 
in its importance to adopt this course. Boilers are still constructed 
or set in such a manner as to render examination next to impossible ; 
and are continued to be worked without making it the duty of those 
who mind them, or of any one else, to examine every part at 
frequent intervals ; and hence such explosions have occurred as 
shown in Fig. 1, Plate 62, in which the original position of the boiler 
before explosion is indicated by the dotted lines. It is thought by 
many steam users that all has been done which is possible, if their 
boilers are the best that can be procured, and are set in the most 
approved way ; and it is taken for granted that such boilers should 
last for many years, under the idea that a good boiler can never 
explode unless the feed is neglected. Similar boilers are often 
referred to as having worked safely for ten or twenty years, but it is 
forgotten that they may be exposed to the insidious action of 
furrowiilg on the inside or channelling on the outside, such as caused 
the explosions of the originally good boilers shown in Pigs. 2, 3, 4, 
and 5, Plate 52. 

Much mischief arises from special classes of boilers, fittings, or 
apparatus, being looked upon as promising permanent safety from 
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forcing more heat through the iron plates over the fire than they can 
transmit without injury, and allowing a great amount of heat to pass 
away to the chimney without useful effect. Careful experiment 
shows that nearly as good duty can be obtained with the plain 
cylindrical boiler as with any other form, provided the rate of 
combustion is in fair proportion to the extent of heating surface in the 
boiler. The circumstance thai many plain cylindrical boilers have 
exploded is not sufficient to condemn this make of boiler, which is 
the cheapest, simplest^ and most easily set. If the number of 
explosions alone were to be taken as the guide, it would lead to the 
condemnation of the Cornish and Lancashire boilers, from the 
experience of the past four years. But in the case of both plain 
cylindrical and other forms of boilers, most of the dangers admit of 
remedy, and can be guarded against by frequent examination. 

Five very fatal explosions have occurred of boilers heated by 
Puddling and Mill Furnaces, leading in some cases to the supposition 
that this form of boiler is more liable to explosion than others. 
They were not adopted however in the iron-making districts without 
great care and consideration, and there does not seem ground for 
attributing special danger to them. The causes of the five explosions 
referred to of these boilers were manifest, and would have led to 
the explosion of any form of boiler ; the loss of life however was 
great, because the situation of the boilers was among a large number 
of workmen. The steam power required in ironworks so far exceeds 
that in any other trade that an ironwork is half composed of boilers ; 
the workmen are necessarily within the range of explosion of many 
boilers, and hence the great loss of life when such an accident 
occurs. The explosions of such boilers shown in Figs. 19 and 20, 
Plate 55, were from external and internal corrosion respectively of 
the bottoms, rendering them too weak to bear the ordinary pressure. 
Those shown in Figs. 21 and 22, Plate 56, were from the collapse 
of the central tubes, which were weakened by external and internal 
corrosion respectively. In Fig. 24, Plate 57, the shell was in bad 
order from over work and receiving too much heat from four large 
furnaces, one of these especially causing a constant mass of flame to 
impinge upon a single plate, which resulted in a seam rip. 
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long intervals of rest add to the chances of corrosion, as shown by 
the example in Fig. 28, Plate 58. The large manholes without 
strengthening rings, that are so often put in these boilers, have been 
the cause of explosions such as that shown in Fig. 29. The same 
remark applies to some of the portable or agricultural boilers which 
have exploded, such as those shown in Figs. 30 and 31. 

-Much mischief is often caused by bad imitation of well planned 
boilers. Thus in boilers of the Cornish form, the ends are made 
sometimes so rigid as to give no allowance for the expansion of the 
tube, and the result is such continued strain as to cause constant 
leaking and the consequent risk of fracture. In furnace boilers the 
tops of the crowns of the inside tubes are often made flat, as in 
Fig. 37, Plate 59, instead of being domed; or the inside tube is of 
undue size, as in Fig. 21, Plate 56. Furnace boilers have been made 
with the omission of the stays that are so pecuharly necessary in 
that form, whereby both ends have been left free to bulge outwards 
with the pressure, as in Fig. 32, Plate 58. 

Cornish boilers are often altered to the plain cylindrical form, 
without compensation being made for the loss of strength caused by 
the removal of the tube ; this has led to such explosions as shown in 
Fig. 33, where two tubes were taken out, and Fig. 34, where one 
tube was taken out. One of the most frequent and serious causes of 
loss of strength is the repairing of externally fired boilers. Not 
only are the patches sometimes only bolted on in a temporary 
manner, as in Fig. 35, Plate 59, but even where they are rivetted on 
there is an entire want of bond or crossed joint, as in the case of the 
exploded boilers shown in Figs. 15, 16, and 17, Plates 54 and 55, 
and Fig. 36, Plate 59. 

An attempt is made in Fig. 38 to show the effect of wear and 
tear of boiler plate in an ordinary upright furnace boiler, such as is 
shown in Fig. 37. The external surface is exposed to intense heat 
and consequently expands, while the internal surface is kept cool by 
contact with the water and expands to a much less degree. The 
continued repetition of this process produces the same effect of 
cracking the surface as that seen in the anvil blocks of stea^^ 
hamniers ; and the strength of the plate is reduced in proportion to 

d2 



BOILER EXPLOSIONS. 189 

the tubes and the end plates and angle iron. It is in the external 
flues that greater accommodation is needed, as in many cases these 
are so narrow that the boiler is quite inaccessible without pulling 
down the brickwork, as in !Figs. 44 and 45. The loss of heating effect 
caused by the use of wider flues is so little, that it is far outweighed 
by the greater security obtained from the more efficient examination 
that is thereby rendered practicable. The flues of the plain cylindrical 
boiler are easily made wide enough for a man to pass through them. 
The flues of Cornish and Lancashire boilers should be made as shown 
in !Figs. 46 and 47, so that, a man can enter them without such 
inconvenience as in Fig. 48. One point of danger being the use of 
wide mid-feather walls, on which corrosion is apt to take place, 
these shoxdd be narrowed and the weight of the boiler supported on 
side brackets ; the top of the mid-feather and side walls can then 
be constructed with sight-holes as at A A in Figs. 49 and 50, so as to 
give t*he means of examining the plates near each seam by simply 
removing loose bricks. 

The explosions of fourteen Domestic or Heating-Apparatus 
Boilers are included in the list of explosions. Table III ; and some 
notice is required to be taken of these, because they have led to the 
loss of the lives of those who could not be expected to know their 
construction or how to guard against accident ; and as these boilers 
are seldom seen or examined after they are once set, they should be 
the more carefally constructed. In one or two cases these boilers 
were of a rectangular shape, as in Fig. 51, Plate 61, ill adapted to 
bear internal pressure, and yet placed in connection with cisterns in 
the roofs of lofty houses, so as to expose them to a hydrostatic 
pressure almost up to their bursting strength without any addition of 
steam pressure. The most usual cause of explosion is the lighting of 
the fire during frosty weather in a house that has been left vacant, so 
that steam pressure accumulates in the boiler whilst the exit is frozen 
up, as was the case in Fig. 52. The cast-iron boilers commonly used, 
Fig. 53, are capable of bearing but little pressure ; and the wrought- 
iron boilers, as in Fig. 54, are found often so badly welded as to be. 
but little stronger ; but even if they were as strong as they could be 
made, the stoppage of the pipes by ice would lead to explosion. Steam 
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The following general conclusions appear to arise from the 
consideration of the records of boiler explosions. 

1. That the force accuij^nlated in an ordinary boiler is enough to 
account for the violence of an explosion. 

2. That no form of boiler, however well constructed and fitted, 
is free from the liatiUty to explosion, if allowed to get out of order; 
and that boilers which bear the hydraulic test may still be dangerous. 

3. That the condition of a boiler can be satisfactorily ascertained 
only by periodical examinations, and that no boiler should work 
without being thoroughly examined at short intervals. 

4. That the cost of periodical examination is so little as to be far 
outweighed by the greater security obtained ; and that the settings 
of all boilers shoxild be constructed with a view to facilitate 
examination. 

5. That the surest way to make systematic examination general 
is to spread as widely as possible correct information as to the facts 
and ascertained causes of boiler explosions, and to inform boiler 
owners and minders what dangers to guard against ; and that this 
is preferable, and more likely to lessen explosions than enforcing any 
system of inspection by legal enactment. 



• BOILEB EXPLOSIONS. 



BOILER EXPLOSIONS. 



195 



EH 



.2 






O 

IN. 

00 






o 

00 



^ 
^ 





1 


O 


oo 


»H 


-^H 


I-H 


oc 


» I-H 




CO 


CO 


(M 


^ 


»H 


<N 


I-H 


Explosions 
June 1870. 


& 


c^ 


I-H 


CO 


iH 




b- 


CO 

I-H 


1 


00 


I-H 


CO 


o 


CO 


tO 


CO 


? 


to 


iH 


fH 


I-H 




t> 


t^ 


g 






I-H 






''l^ 


CO 


otal 
ipto 


b 
















^' 
















H P 


^ 


l-l 


!>« 


to 


""^ 


oo 


CO 


oo 




^ 


GO 

fH 


»o 

i-H 


8 


CO 
iH 




to 


CO 




H 
















• 


1 


"* 


i-H 


t>. 


o 


c^ 


iH 


to 


o> 


CO 


t^ 


CO 




CO 


CO 


5 s 


o 












CO 


to 


^ 5 


















03 »-9 


, 
















5S 


a 
bo 

•*4 


to 


CO 


GO 


C9 


• 


to 


CO 


•ri CD 
SO 2 


2 

o 










• 
• 


CO 


CO 


ilosion 
June: 


^ 
















• 
















1 


o 


o 


a 


oo 


C9 


CO 


o> 


Exp 
from 


00 


(M 


CO 


c^ 






I-H 
0^ 


g 


i 


»o 


t>. 


-^ 


"-*< 


o> 


t> 


CO 


rH 


■^ 


CO 


"^ 


I-H 




CJ 


"I** 


O 


o 


1— ( 


iH 


<M 


iH 




CO 


o 


1 


H 














iH 


, 
















2 


^ 


CO 


to 


GO 


OO 


CO 


o 


l>- 


0* 


? 


lO 




o 






to 


(N 





g 






iH 






^H 


CO 


i 


b 
















• 
















•S3 


f£l 
















o 


•S 


(N 


<N 


CO 


CO 


CO 


h- 


o 


■& 


Wtft 


o 


CO 


cc 


o 




"-* 


I-H 


g* 




iH 


»-- 


iH 




C^ 


fc* 


■ H 


w 














* 








,—>'-. 


,~A-^ 


,~A_, 


• 














^1 


fH 


u 
















o . 


O • 


o . 


• 




» 1 










'3 . 


QQ 


'd . 


• 




» 










a 


a 


73 
















.2 • 




a . 














• 




-♦a 

• fH 


c« ■ 


bo 




• 






• 


QQ 


** 


o . 


o . 










B 


a> 


DO • 


a> 


QQ * 


»« 










4 


-M 


O) 


SH 




<D 










J 


cS 


>• . 


O) . 


*« • 


fH 








•f 

7 




I-H 




73 


O 




•n 


« 




C 

I 

D 



5 

5 

3 

i 


o 

0) 
73 


-d 

a> • 
'd 

c3 . 

^ 2 

o a 

GO 


it 


.2 bO 

S3 


a 

•a 

oq' 


03 

DC 

a 

c 

o 










g 

O 

o 




§2 


-go, 


OQ 

§ 

1 


• FN 

C 


< 
< 












I" 


c 
c 


> o 






P 


PQ 


OQ 


P^ 


E- 


1 H 





















£2 



196 BOILEB EXPLOSIONS. 

TABIJ3. m. 

AnedysU of Steam Boiler Exphdans in the United Kingdom 

d/aring the Four years ending SOlh June 1870, 

ghowing the Causes of Explosion of Boilers of different deacriptiont, 

A ''Faults in cODStructioo or repair. 

B=FaultB which should ba detected by periodical eiamiaatlon. 
C =Faults which should be prevented bf careful atteadants. 
"D —Causes eitraDeous or uncertain. 
B=]]iuiibar of Eiploeiona. K=naMbBr or penaas Killed. I^DDmberot pareooa lajured. 

Comish, Iianoashire, or other Boilers with interoal flues. 
B K I 

rWeak tubes 26 17 il 

Weak oranbustion chamhers 5 8 T 

J Weak ends 3 10 10 

I Weak dome 1 

I Weak manhole 1 1 1 

I Bad repair 3 6 2iiki 

— — — 39 41 61 

( Eiternal corrosion 18 43 101 

1 Internal corrosion 6 4 6 

34 46 106 

1 Shortness of water 14 11 23 
Scale oi^mud 3 1 
Undue pressure 4 14 4 
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U TIT T 

Marine Boilers. Brought forwards 138 167 289 

{E K I 

Weak flues 3 6 3 

Weak ends '..2 6 6 

Bad material 1 3 lEKI 

6 15 9 

( External corrosion . 2 10 3 

( Internal corrosion 3 1 4 

6 11 7 

C Shortness of water Ill 7 

1 11 7 

]^2 37 23 

Locomotive Boilers. 

A Boiler used as frame for engine ... 2 1 2 

2 12 

j External corrosion 2 1 4 

I Internal corrosion 2 3 

4 17 

{Broken connecting-rod pierced boiler .12 1 
Dome caught by railway bridge ... 1 1 
Uncertain causes 2 4 

4 3 6 - 

10 5 14 

Agricultural Boilers. 

A Weak manhole 114 

114 

( External corrosion . 2 3 3 

( Internal corrosion 1 1 7 

3 4 10 

( Shortness of water 1 

I Undue pressure 6 15 15 

7 15 15 

11 20 29 

Furnace-upright Boilers. 

( Too much flame on one part 1 2 

I Frequent repair producing seam rip . * 1 13 2 

2 15 2 

I External corrosion 2 13 11 

( Internal corrosion 2 16 6 

4 28 17 

C Shortness of water 2 3 8 

2 3 8 

8 46 27 

Elephant Boilers. 

A Weak ends or want of stays 1 2 2 

— : 12 2 

B External corrpsion 104 

10 4 

2 2 6 

* 

Carried forwards 181 277 388 
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Crane Boilera. Bronght forwards 181 277 388 

A. Weak manhole 3 7 3BKI 

3 7 3 

B External corrosion 1 4 2 

C Shortoeas of water 3 2 

6 13 6 

Bag Steamers, &c. 

{Weak manhole 3 2 5 
Bad material 1 1 6 
Want of stays 1 I 

6 4 10 

C Undue presBure 1 2 6 

1 2 C 

6 6 16 

Feed- water Heaters. 

D Uncertain causes 2 6 

2 6 

Domestic Boilers. 

A Weak shape 3 4 7 

3 4 7 

B Corrosion 3 C 

2 f5 

C Undue pressure from freezing of pipes .979 

9 7 9 

14 11 21 

Balloon Boilers. 
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TABLE IV. 

Summary of Causes 
of the Steam Boiler Explosions comprised in Table III, 



Causes of Explosions. 


E 

Number 

of 

Explosions. 


Nnmber of 
persons 
Killed. 


I 

Nnmber of 

persons 

Injured 


A Faults in construction or repair . . 

B Faults which should be detected by ) 
periodical examination . . . . j 

C Faults which should be prevented by ) 
careful attendants j 

D Extraneous or uncertain causes . . . 


95 • 
62 

54 
8 


128 
105 

79 
3 


167 
185 

84 
14 

• 


Totals 


219 


315 


450 



Mr. Marten exhibited an extensive collection of specimens of 
corroded plates from boilers that had exploded, showing the eflPects 
of external and internal corrosion nnder different circumstances; 
and specimens of plates that had been overheated, by the flame 
impinging too strongly upon a particular spot. He exhibited also 
a very extensive and interesting series of photographs of explosions, 
together with models of various constructions of boilers, and others 
illustrating some of the most destructive explosions. 

The Chairman enquired what rules of strength were generally* 
adopted at the present time in the construction of boilers. 

Mr. Marten said he believed that in stationary boilers of 6 or 
7 feet diameter, and working at an average pressure of 40 or 50 lbs., 
the general practice was to use plates about 3-8ths inch thick: there 
was not found to be much advantage in having them thicker, 
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employed; and notwithstanding that in surface-condensing engines 
the exhaust steam was all returned to the boiler, he believed it 
was practicable eflPectually to prevent any corrosion occurring in 
the boilers. He had himself lately succeeded in accomplishing 
this object with a pair of small condensing engines, employed 
for pumping water, having upright cylinders of 18 inches diameter 
and 20 inches stroke ; steam was supplied by two small Cornish 
boilers, and by means of surface condensers the same water 
was used over and over again, and the vacuum regularly obtained 
was as much as 29^ inches of mercury. These engines had now^ 
been at work nearly four years, and particular care had been taken 
to prevent any grease getting into the boilers ; the pistons were 
made practically steam-tight by a number of light rings presenting 
a small rubbing surface against the cylinder, and the stufl&ng-boxes 
were packed with a packing made of cotton with a little asbestos 
and French chalk, so that no grease whatever was supplied either 
into the cylinders or the stuffing-boxes for lubrication. The water 
in the boilers was from the chalk formation in Kent, and had only 
twice been blown oflP with an interval of two years ; the water had 
never been changed except on these two occasions of blowing off, 
and the leakage that took place was very small indeed ; on looking 
into the boilers about two months ago, after they had been 
constantly at work about fourteen months since last blowing off, he 
had found the surface of the plates looked quite black, and showed no 
signs of corrosion or pitting in any way. The reason he considered 
was that no fatty acid had been able to find its way into the boiler, 
as no grease at all was used in the cylinders ; and he believed if any 
grease had been used in the cylinders it would have been impossible 
to work the boilers with the same success. In order to do altogether 
without grease in the cylinders it was only necessary in practice 
that the cylinders should be placed . upright, in which position 
the friction was least; and the pistons could be made effectually 
steam-tight by baffling the steam with a number of light packing 
rings, which together presented but a small extent of rubbing 
surfaxje and caused so little friction as to dispense with lubrication 
by fatty matter. The engines he had described were working at 
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Mr. W. Ford Smith believed the introdiiction of distilled water 
-with the feed water was an effectual means of preventing deposit in 
boilers, and he had recently witnessed an instance where distilled 
water had been introduced with the feed water into a boiler and 
there had been found to be a very small amount of incrustation in 
consequence. In this case, which had been under his own notice 
for eight years past, a double-flued boiler was supplied with the 
Manchester town water and rain water, and the exhaust steam with 
all the grease contained in it was blown into a cistern, ,from the 
bottom of which the feed water, probably free from grease, was 
taken to supply the boiler. The two flues were both perfectly free 
from incrustation, and seemed as clean as when first put to work, 
which he believed was mainly due to the use of the distilled water 
from the exhaust steam. The incrustation of boiler plates by 
deposit from the water was a very important point in connection 
with boiler explosions, and it was most desirable that.it should be 
prevented as much as possible. 

Mr. L. Olrick concurred in the remarks which had been made 
as to the great evils occasioned by the presence of bicarbonate of 
lime, commonly known as carbonate of lime, in the feed water 
supplied to steam boilers ; and one method that had been adopted 
for preventing the formation of deposit consisted in removing the 
carbonate of lime from the feed water by Dr. Clark's process of 
precipitation. This plan had been applied with success to a boiler 
at Bury St. Edmunds, where the water supplied for the feed 
contained 30 grains of carbonate of lime per gallon. This water was 
pumped into a tank 6 feet high and 2 feet diameter, and from 
another tank of smaller diameter lime water specially prepared was 
constantly running into the large tank, which had the effect of 
precipitating the carbonate of lime originally contained in the feed 
water, by the incoming lime disengaging the carbonic acid contained 
in the bicarbonate, and thus converting the soluble bicarbonate into 
insoluble carbonate of lime. The greater part of the lime sank 
down to. the bottom of the mixing tank, and the water, which was 
then of a slightly milky colour and containing the flakes of lime, 
was drawn off near the bottom of the tank, and filtered into 

g2 
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another tank partially filled with small pieces of coke as a filtering 
material, through which the water ascended slowly to the top of the 
tank, where it was drawn ofi" for use in the boiler. If the water 
was required for drinking purposes, it was, in addition to the above 
filtration, passed through a second filter of animal charcoal, by 
which the organic impurities contained in the water were removed. 
Means were also provided for removing the coke periodically from the 
filtering tank when it had become charged with lime, and replacing 
it with fresh coke, by having a loose cyliadjical casing to contain 
the coke inside the filtering tank. In this way the filtration was bo 
completely effected that during the two years that this process had 
been in operation no trouble whatever had been experienced with 
the boiler, which worked free from danger, as there was an absence 
of any hard scale on the plates. The boiler was opened once in 
every three months, and a little dust that had accumulated was 
swept out, which was all that had accuniulated from the water 
during that time of working. Previously a hard scEilS of an inch 
thickness used to be formed in three weeks' tifne, which had been 
veiy difficult to remove and had necessitated a great additional 
consumption of fuel and loss of time in cleaning. 

An instance of the danger that might be occasioned by deposit 
from the feed water had come under his notice in the case of a well 



BOILER EXPLOSIONS. 213 

SO much softened by the overheating as to be collapsed by the steam 
pressure. The feed pipe was afterwards continued horizontally 
along the water level in the boiler to a distance of 3 feet beyond 
the fire bridge, and a "rose" or nozzle was put on the end of the 
pipe, having a number of small "^holes to distribute the feed water 
thoroughly on entering the boiler ; and no further collapse of the 
flue had since taken place. In this instance the feed water was 
largely charged with carbonate of lime, causing an extremely hard 
and impermeable deposit in the boiler. He thought however that, 
instead of pumping into steam boilers water impregnated with all 
sorts of impurities which would form thick layers of scale on the 
plates, and then rempving this by means of hammers or boiler 
compositions, it would be far preferable in every case to adopt the 
simple plan of cleansing the water completely of all deposit before 
it entered the boiler. This might be accomplished in a variety of 
ways, and would be attended with a considerable saving in fuel, 
while much of the danger ordinarily incurred in the working of 
steam boilers would be avoided. 

Mr. W. Richardson thought the observations made in the paper 

and illustrated by the diagrams exhibited, in reference to facility of 

examining steani boilers, were likely to mislead a little ; from his own 

experience he considered that such a construction and mofle of setting 

as were shown in Fig. 42, Plate 60, though having the advantage of 

rendering the boiler easy to examine, were not conducive to its safe 

working, because having once had a number of externally fired boilers 

he had found great difl&culty in keeping them in a safe condition, 

on account of their being liable to the formation of deposit over the 

fire, or to rupture by contraction if cold water ever entered the boiler. 

Also in Figs. 46 and 47, in which the external flues were represented 

< 

as made so large that a man could enter them upright, he did not 
see how any ordinary chimney could be capable of producing draught 
enough through such large flues to render the combustion sufficiently 
active for raising steam ; and therefore, though flues of large sectional 
area would be advantageous in one respect, they would be bad in 
regard to the regular working of the boilers. 
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For the non-condensing engines, in order to get back heat and 
water from the exhaust steam and feed the boilers with clean hot 
water, a supply of water was taken from the last of the settling 
reservoirs into a covered cistern 6 feet long by 3 feet wide and 6 feet 
deep, the height of the water in the cistern being regulated by a ball 
cock so aS to be kept 9 inches below the cover. On the top of the 
cover stood at one end a vertical cylindrical feed-water heater, 
30 inches diameter and 12 feet high, fitted with tubes like a 
locomotive boiler or a surface condenser ; and on the other end of 
the cistern cover stood a vertical pipe 20 inches diameter and 30 feet 
high, open to the atmosphere at the top. A circulating pump lifted 
the water from the cistern to the top of the vertical pipe, within 
which it then fell down in a shower back into the cistern again. 
The exhaust steam discharged from the high-pressure engines passed 
down through the inside of the tubes in the feed- water heater, then 
over the surface of the water in the cistern, and escaped up the 
vertical pipe, where it met the falling shower of water from the 
circulating pump. By this means the water in the cistern became 
heated up to 170^ Fahr., and was supplied at that temperature to the 
boiler feed-pump, by which it was forced through a bone filter, like 
that already described of the condensing engines^ and thus purified 
was then made to pass outside the tubes of the feed-water heater, 
and entered the boiler at the temperature of 210° Fahr. In this 
way a supply of clean feed water was obtained, heated up almost 
to the boiling point, from the exhaust steam discharged by the non- 
condensing engines. With this arrangement for purifying the feed 
water, the boiler was now only cleaned at holiday times, four times 
a year; but before adopting this method, the boiler used to have 
to be cleaned every week or fortnight, and was very seldom allowed 
to run more than the fortnight. The quantity ot deposit got out 
now that the boiler was cleaned four times a year was not so much 
at each time of cleaning as was formerly got out in a month ; and 
the saving efiected in the coal consumption and labour had paid 
the interest of the outlay expended in thus getting over the difficulty 
of obtaining cle£^n feed water for the boilers from a supply of dirty 
water. 
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The Chaieman enquired what kind of ■water it was that the town, 
was supphed with, and what was the size and constniction of the 
boilers, and the length of time they had been working on that 
arrangement. 

Mr. W. Richardson rephed that the water was moss water 
obtained from boggy ground on hills at some dislance from Oldham 
and above the cultivation level. The boilers were 6 ft, 6 ins. 
diameter and 30 feet long, with a single flue 3 ft. 10 ins. 
diameter extending a length of 23 feet, beyond which they were 
multitubular for the remaining 7 feet. Some of these boilers 
had now been working regularly for nine years, and at the present 
time they had forty boilers in use, all of which, with the esception 
of two, were made of steel plates ; there had been no difficulty or 
extensile repairs with them, and they continued working quite 
satisfactorily. 

Mr. W. FoBD Smith enquired what was the appearance of the 
boilers inside, after working with the feed water cleansed in the 
manner that had been described. 

Mr. W. Richardson replied that there was very little incrustation 
upon the plates. In addition to cleansing the feed water, they ased 
also a vegetable substance obtained from Finland, which he understood 
was the decayed root of a tree ; this was boiled down with a little 



BOILER EXPLOSIONS. 217 

directly to the bottom, and thereby causing the bottom plates to 
contract suddenly and to crack and leak. In some cases they had 
put a length of as much as 30 feet of feed pipe inside the boiler, and 
this had been completely successful in preventing fracture or leakage 
of the bottom plates. • 

Mr. W. BouCH observed that the paper which had been read, 
and others upon the same subject on previous occasions, had quite 
done away with the fanciful theories formerly entertained respecting 
the causes of steam boiler explosions, and had brought out clearly 
the simple fact that explosions resulted only from the rupture of 
material which was not strong enough to bear the strain put upon 
it. As the disastrous effects attending an explosion were due to the 
sudden liberation of a confined volume of water heated to a very high 
temperature, some boilers had been specially constructed with the 
object of reducing to a minimum the volume of water contained in 
them, and raising the proportion of heating surface to a maximum, 
so as to enable the boilers to maintain the required production of 
steam from the small quantity of water. In such boilers the sudden 
liberation of the contents by the failure of any part could take place 
without any serious consequences, as was the case in locomotive and 
other multitubular boilers, where the bursting of a tube was attended 
with none of the disastrous results of a boiler explosion. He 
thought therefore that the principle of the locomotive boiler might 
advantageously be applied for stationary boilers to a much larger 
extent than was at present the ca^e. Prior to the year 1849 he 
had experienced much difficulty in locomotive boilers of the old 
Stockton and Darlington class, with internally-fired flues, from the 
detrimental effects occasioned by concentration of the heat upon 
particular portions of the flues ; and this had led him at that 
time to develop, in conjunction with Mr. Adamson, the flanged flue, 
strengthened at intervals along its length by flanging the plates 
outwards at the circular joints and inserting a stiffening ring to 
which the two plates at each joint were rivetted. The application of 
this flanged flue had since then been very successfully and extensively 
carried out by Mr. Adamson for all stationary boilers having flues 
subjected to external pressure. In the working of locomotive boilers 
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bis experience was that it wa.a not gafe to keep IJiem lin full work 

longer tbaa six years without a thorough examination of the tabes, 
firebox, and shell, the tabes requiring to be all taken oat for tbia 
parpose. It was true that in particular cases there might be 
evidence that the extreme mcaeure o€ palling the tubes out was not 
then necessary ; but as a general rule, when an engine had attained 
that age and bad been working about 100 miles per day, it ought 
not to be allowed to continae running until it had undergone a very 
thorough examination i^ that manner. 

Mr. F. J. Beamwbll allnded to the "quicksilver engine" that 
was pat to work in two steam vessels by Mr. JameB Howard in 
London about twenty-five years ago, in which no more water was 
contained in the boiler at any one time than was required for one 
stroke of the engine ; and when the engine was standing there was 
not any water in the boiler at all. The boiler was made with a double 
bottom, and the space between the inner and outer plates was filled 
with an alloy of qaicksilver and load, which was kept heated to a 
high temperature by the fire directly andemeath ; the inner boiler 
plate bad deep indentations in it, dipping down into the alloy, 
BO aa to increase Ihe extent of water-heating Burfece. The feed- 
water was injected into the boiler at each stroke of the engine by 
the feed pump, the quantity injected being accurately a 
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In Figs. 1 and 2, Plate 62, is shown a combined external safety 
valve and fire-extinguishing valve, as applied to a Lancashire boiler. 
The fire-extinguishing valve A of spherical form is placed in a steam 
chamber B on the top of the boiler, from which pass steam pipes 
CC to the crowns of the furnaces D D. The valve is loaded internally 
by a dead weight B, consisting of cast-iron plates, suspended from it 
by the slotted rod F. When the pressure of steam exceeds the 
load on the valve, the steam escapes into the chamber B and down 
the pipes C C into the famaces. A horizontal lever Gr is 
suspended inside the boiler by means of a loose-fitting brass 
pin I in its centre, and carries a float H suspended at 
one end, which is balanced on the surface of the water by the 
weight K at the other end of the lever. This lever passing through 
the slot in the valve-rod F raises the valve A when the float descends 
with the water level, thereby allowing the steam to escape through 
the valve into the chamber B, and thence down the pipes C into 
the furnaces in the same manner as in the case of over-pressure, 
thus relieving the pressure and damping the fires at the same time. 
In combination with the fire-extinguishing valve A a second safety 
valve L is also provided, which is loaded extemaUy by the lever and 
weight M, and is adjusted to blow off at a pressure somewhat lower 
than that at which the internally loaded valve is adjusted. This 
double valve, as shown in Figs. 1 and 2, is adapted for new boilers, 
combining the common external safety valve with the fire- 
extinguishing valve. 

In Figs. 3 and 4, Plate 63, are shown similar views of a single 
external valve, as applied to a Plain Cylindrical boiler with egg ends. 
The fire-extinguishing valve A is loaded internally by the dead 
weight E, as before, and discharges the steam through the steam 
pipes C opening into the furnace D ; the float H and lever G open 
the valve whenever the water level falls too low. The valve thus 
acts in the same way as the one already described, damping the fire 
and reheving the pressure in case of either deficiency of water or 
over-pressure. 

In Figs. 5 and 6, Plate 64, are shown end and longitudinal 
views of the arrangement of a singlfe internal valve, chiefly 



PROCEEDINGS 



10 November, 1870. 



The General Meeting of the Members was held in the Lectnre 
Theatre of the Midland Institute, Birmingham, on Thursday, 10th 
November, 1870; C. William Siemens, Esq., Vice-President, in the 
Chair. 

The Minutes of the last Meeting were read and confirmed. 

The Chairman announced that the President, Vice-Presidents, 
and five Members of the Council in rotation, would go out of office 
in the ensuing year, according to the rules of the Institution ; and 
that at the present meeting the Council and Officers were to be 
nominated for the election at the Anniversary Meeting. 

The following Members were nominated by the meeting for the 
election at the Anniversary Meeting: — 

president. 
John Ramsbottom, Crewe. 

VICE-PRESIDENTS. 

{Six of the numher to he elected.) 

John Anderson, Woolwich. 

I. LowTHiAN Bell, Newcastle-on-Tyne. 

Frederick J. Bramwell, . . . London. 
Thomas Greenwood, .... Leeds. 

Thomas Hawksley, London. 

"Sampson Lloyd, Wednesbury. 

Walter May, Birmingham. 

William Menelaus, .... Merthyr Tydvil. 

John Robinson Manchester. 

C. William Siemens, .... London. 

i2 



(Five of ilie number to be elected.) 

Petek D. Bennett, Weatbromwich. 

Henry Bessemer, London. 

William Clay, Birkenlieaii. 

Edward A. Cowpes, .... London. 

SiE Chablbs Fox, London. 

W. MoNTGOUERiE Neilson, . . Glasgow. 
William Richardson, .... Oldham. 
Charles P. Stewart, , . . , MancheBter. 
Feabcis W. Webb, , . . . . Bolton. 
Percy G. B. Westmacott, . . Newcaatle-on-Tyne. 



The Ghaibhah annonnced that the Ballot Lists ha 
and the following New Members were duly elected :— 

MEMBERS. 

Akthont Bower, Liverpool. 

UiCHoiAs Proctor Burqh, . . London. 
James Gabter, . Nottingham. 
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ON THE 
WARSOP AERO-STEAM ENGINE 



By Mb. RICHARD EATON, op Nottingham. 



The principle of this engine, which is the invention of Mr. George 
Warsop of Nottingham, consists in injecting a continuous supply of 
heated air into the bottom of the boiler, whereby the water in the 
boiler is kept in a constant state of agitation throughout ; and the 
result is found to be that the generation of steam is rendered more 
rapid, with considerable economy in the fuel consumed, while 
incrustation in the boiler and priming are prevented. The air, 
compressed to the boiler pressure by an air-pump driven by the 
engine or by a separate donkey engine, is conveyed to the boiler 
through a set of heating pipes fixed in the boiler flues or smokebox, 
and is thus heated to a temperature of about 600° Fahr. by heat 
which would otherwise escape to the chimney as waste. The heated 
air enters the boiler through a longitudinal pipe extending along the 
entire length of the bottomi of the boiler, and perforated on the under 
side with a series of small holes for distributing the air throughout the 
water in the boiler. This air rising up continuously through the 
water has the efiect of diminishing its cohesion, and causes a more 
free ebullition of the water, and at a boiling point somewhat lower 
than the ordinary temperature due to the pressure. The heated air 
injected into the boiler has moreover a direct evaporative action 
upon the water, equivalent to an increase of heating surface in the 
boiler ; and this increase has an extra efficiency from the circumstance 
of the air being in direct contact with the water, instead of the heat 
being communicated through the medium of imperfectly conducting 
metal plates. 

The mode in which the arrangement is carried out in stationary 
boilers is shown in Figs. 1 and 2, Plates 65 and 66, which represent 
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a Cornish boiler 6 feet diameter and 20 feet long that lUtB been 
working nearly a year on this plan at Messrs. Thackeray's fectory, 
Nottingham ; and a similar boiler is also working at Chatham 
Dockyard. The compressed air from the air-pnmp is conveyed by 
a wrought-iron pipe A, l^^'inch bore, which traverses four times 
along the length of one of the side fines of the boiler ; and then 
enters the front end of the boiler throngh a check valve C. The 
pipe B for delivering the air lies close along the bottom of the 
boiler, and is perforated along its nnder side with a series of small 
holes, l-16th inch diameter, for the discharge of the air into the 
water ; the holes are situated at gradually diminishing intervals 
from the front to the closed back end of the pipe, SO as to distribute 
the heated air equally tbroughont the length of the boiler. The 
air is compressed by a pump worked by a donkey engine, the pnmp 
being a vertical single-acting cylinder 7 inches diameter, with a 
stroke varying from 65 to 8 inches, and working at an average 
speed of 80 strokes per minute. The quantity of compressed air 
injected into the boiler is adjusted to about 12 per cent, of the 
volume of steam generated. 

In the earlier applications, the proportion of air injected was 
rather greater, amounting to 16 per cent, of the steam ; and a more 
complicated heating apparatus was employed with the view of 



WARSOP AERO-STEAM ENGINE. 231 

pnmp that no further effective heating could be obtained from the 
exhaust steam. 

In Figs. 4 to 6, Plates 67 and 68, are shown a new engine and 
boiler that were subsequently constructed in London at Messrs. Easton 
and Amos* works, for the purpose of testing the effects of the air 
injection on a larger scale, and with a new boiler well constructed 
for economy of working with ordinary steam. The boiler is of 
Cornish multitubular construction, 4| feet diameter and 14 feet 
long, having a single fire-tube and fifty-six 2^ inch tubes beyond. 
The engine is vertical direct-acting, working a compressing air- 
pump E, Fig. 6, 12 inches diameter with a stroke ranging from 6| to 
12 inches. This air-pump, which is shown to a larger scale in 
Fig. 7, is single-acting with a solid piston, and has brass conical 
valves F F with very narrow bearing faces of only l-32nd inch 
width ; and on account of the quick speed of the engine, amounting 
to upwards of 120 revolutions per minute, the lift of th^ inlet valve is 
only l-8th inch. The compressed air is conveyed from the pimp 
along the pipe A A, Figs. 6 and 4, and is heated by passing it 
through a spiral coil of pipe G in the smokebox ; and it is delivered 
into the boiler by a perforated distributing pipe B along the bottom, 
as in the previous cases. 

The following are the results obtained as regards economy of 
fuel in the comparative trials of working alternately with and 
without the air injection in the boiler at Mr. Warsop's works, 
Nottingham, the power being measured by a friction-break 
dynamometer. Specimens of the indicator diagrams that were 
taken in the course of the trials are shown in Figs. 10, 12, and 13, 
Plates 70 and 71. In Fig. 10 the dotted lines show the working of 
the engine with steam alone, and the full lines with the steam and 
air combined, the break being loaded with 120 lbs. in both cases. 
The full line in Fig. 12 shows the air-pump resistance with the friction 
of the engine, the fine dotted line the friction of the engine alone, 
and the shaded diagram the friction of the engine with the unloaded 
break. In Fig. 13 are shown two compression diagrams taken from 
the air-pump ; and in this pump the effective length of stroke was 
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water promotes the ebullition of the liquid by acting as a kind 
of elastic spring, pushing the molecules apart, and thus helping 
them to take the gaseous form. The cohesion of the water is vastly 
augmented by the removal of the air; and this very cohesion 
enables the liquid to resist ebulHtion, to such an extent that water 
freed of its air can be raised to a temperature of 60® or 80® 
Fahr. above its ordinary boihng point without ebulHtion. In the 
ebullition of water, the cohesion between its particles, induced by 
the water having been deprived of its air, is often overcome by fits 
and starts ; which may be so augmented by the introduction of 
certaLu salts into the liquid, that the detachment is in some cases 
80 sudden and violent as to cause the liquid to leap bodily out of the 
vessel, as in the case of priming. It is submitted that the efiect 
of the air injection, which forms the subject of the present paper, 
is to facilitate the liberation of the particles of steam from the water 
in the boiler, and so prevent this injurious action in boiling. 



Mr. Eaton said that, with respect to the formation of saline 
incrustation, experiments had been made at Nottingham with 
artificial salt water of more than double the strength of the saltest 
sea water, and it was found that the boiler remained entirely free 
inside from saline incrustation ; but outside, wherever there was any 
little leakage at the cocks or otherwise, the usual deposit of salt was 
found the same as in marine boilers. He exhibited *a specimen of 
this saline incrustation obtained from the outside of the boiler, 
together with a sample of the water employed in the experiment. 
He showed also a specimen of the incrustation that had been 
formed in the boiler of the " Fox " steamer upon the two occasions 
referred to in the paper, when the appHcation of the air injection 
had been temporarily suspended for some hours; the specimen 
showed distinctly the two separate thin layers of which it was 
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Fig. 1, of 20 feet length and 6 feet diameter, after four months* 
working. 

Mr. Eaton observed that in the Nottingham water the prevailing 
ingredient was carbonate of Hme, and the carbonic acid gas introduced 
into the boiler in the air injection appeared to have the effect of dissolving 
this to such an extent, that when the water was run off after a long 
time of working without blowing- off there was only left at the bottom 
of the boiler the small amount of sediment that had been mentioned. 
In the boiler at Chatham, where the prevailing ingredient in the 
water was chalk, the sediment found after running the water off was 
a substance resembling brown snuff; and in the boiler at Stratford 
the sediment was of the same character but rather lighter in colour. 
In the case of the " Fox " steamer, there had been a blow-off from 
the scum-cock at frequent intervals, which would account for a 
certain quantity of the sahne deposit being got rid of. Without the 
air injection there was no doubt that a thick solid scale would have 
been formed upon the boiler plates in all these cases, judging from 
the experience of the boilers not supplied with air injection but 
working under the same circumstances in all other respects. With 
the air injection the sediment in the water was retained in a state of 
suspension while the boilers were at work, without becoming deposited 
upon the plates in any part f and it was only when the boilers were 
allowed to stand for a time that this sediment settled down to the 
bottom, forming then not a hard scale but a sort of sludge, which 
was easily removed from time to time by blowing-off in^ the ordinary 
way. 

Mr. H. Woods enquired what was found to be the amount of 
deposit produced in the vertical boiler shown in Fig. 3 when working 
without the air injection. 

Mr. Eaton replied that that boiler had not been tried long enough 
without the air to allow of the formation of any appreciable scale ; 
but Messrs. Thackeray's boiler that had worked without the air 
injection previous to the boiler shown in Fig. 1 had required attention 
ordinarily about once in every six weeks to remove the scale formed 
upon the plates. 

•Li *• 1 
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would explain the circnmstance which had been mentioned in the 
paper, that the moment the air was turned off violent ebullition 
and priming took place. For as soon as the air was turned off, the 
mixture of air and steam over the water in the boiler would no 
longer be replenished by a similar mixture of gases ; and the 
temperature of the water being below that corresponding to the 
pressure of the mixed air and steam, a sudden collapse of the steam 
would necessarily take place ; and as a consequence the engine 
would require more steam, the throttle- valve would open wide, and 
the larger volume of steam suddenly called for would of itself 
naturally induce priming, independently of the further circumstance 
that the liberation of the steam from the water would no longer be 
facilitated by the passage of bubbles of heated air through the mass 
of the water. 

In reference to the other question — why the mixture of steam 
and air should do more duty in the engine than an equal volume of 
steam alone at the same pressure — he did not think this could be 
because the air-compressing engine which was united with the 
steam engine was more economical than the steam engine itself. 
On the contrary, mere air engines, wherever they had been tried, 
had not given such favourable results as good steam engines ; and 
there were theoretical reasons why they could not give better results 
than a proper steam engine. It had however occurred to him as an 
explanation which might be suggested of the economy found to 
result from the use of mixed steam and air in the engine, that the 
presence of air in the steam cylinder would certainly prevent the 
condensation of steam against the sides of the cylinder: and the 
loss from this cause he behoved to be much greater than was usually 
supposed. If the cylinder was uncovered, the loss by condensation 
was very great, and was shown by the form of the indicator diagrams 
taken from such engines ; and even when the cylinder was carefully 
clothed, there was a considerable condensation from the high-pressure 
steam coming in contact with surfaces that had been cooled by 
previous exposure to the condenser or to the exhaust steam at 
atmospheric pressure. This condensation he believed took place 
even when the steam cylinder was thoroughly steam-jacketted all 
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hinged guards and rings. Each hook is at the end of a short chain, 
and the truck is suspended at the required height by hooking up 
these chains accordingly upon the hooks on the runners. The 
trucks, whether running up or down, are hung always higher in 
front than at the back, in order that they may take the ground 
easily in landing at either end. This is arranged by reversing the 
lengths of the sling chains at each end after a truck is landed, 
before the return truck is hooked on in its place. The trucks land 
on curved wrought-iron plates, the elasticity of which takes off most 
of the shock of landing ; and at the upper end, where they pass 
through the blocking frame H, they are guided in by side guards U U 
of iron plate. Figs. 3 and 4. 

The blocking frame H, Fig. 3, of which the inside elevation is 
shown in Fig. 5, is made with two sliding stop-blocks W, for 
stopping the full trucks by their projecting buffers whilst they are 
being hooked on the runners. To send a truck across, the stop- 
block is then raised a few inches by the lever, as shown on the 
left-hand side of Fig. 5, so as to clear the buffers of the truck, 
which starts at once by its weight along the rope. The guides of 
the stop-blocks are arranged so that a truck on landing will lift the 
block and pass in under it; but in practice the blocks are kept 
hooked up after a truck is sent off, until the return empty truck has 
passed in. 

The average load sent across the bridge at a time is about 
17 cwts., including the weight of the truck and runner ; and under 
this load the rope deflects about 5 feet from a straight line when the 
weight is in the centre, as shown in Fig. 1. The strain brought by 
this load upon the ropes and fastenings is about 9 tons, but this 
varies considerably according to the tightness to which the ropes 
are stretched. About 30 trucks may be sent over in an hour, or 
300 per day of ten hours ; and taking the net load of each truck at 
10 cwts., this gives a capacity of 150 tons per day : a small quantity 
comparatively, but one which might be readily increased by adding 
to the strength of the ropes and fastenings, so that loads of two, 
four, or more tons might be sent over at a time. 



WtRE-ROPE BRIDGE. 257 

distance of at least a mile, which wonld have cost not less than 
8d, per ton, or to build a heavier bridge over the stream ; but the 
latter alternative was not practicable in this instance, on account of 
vessels passing occasionally, and any arrangement for crossing the 
stream was required to be such as would allow vessels to pass freely 
at any time. 

Mr. Sampson Llotd thought the wire-rope bridge was ingeniously 
designed, and well adapted for the special purpose for which it was 
required ; and it would prove very useful for particular situations, 
such as that for which it had been constructed. Cases of a similar 
nature however were rarely met with, and permanent constructions 
were much more generally required, over which a great deal more 
weight could be conveyed in a given time than was possible with the 
wire-rope bridge now described. 

The Chairman remarked that the plan of the wire-rope bridge 
was first proposed to him for the Landore Steel Works in the 
early part of the year by Mr. Hackney, by whom the design had 
been carried out entirely and in a very creditable manner ; he had 
seen the bridge at work, and it certainly did its work with great 
regularity and efficiency. It was true that such a bridge would not 
be suitable in ordinary cases for carrying «n a regular heavy traffic ; 
but under special circumstances similar to those at the Landore 
works he considered it was a very useful arrangement. It was 
desirable for the interests of the Institution that special appliances 
contrived to meet particular requirements should be communicated, 
in order that they might be referred to at any future time by the 
members, who would thus be saved having to go over the same 
ground again. He proposed a vote of thanks to Mr. Hackney for 
his paper, which was passed. 



The Meeting then terminated. 
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